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(§) Pneumatic tyres. 

@ As a tread njbber of a pneumatic tire is used a robber composition comprising 10-150 parts by weight 
of a slica filler, 0-150 parts by weight of carbon black and 0.2-10 parts by weight of at least one specified 
silane coupling agent, based on 100 parts by weight of a particular polymer rubber having a glass 
transition temperature of not lower than -50°C through polymerization of 1,3-butadiene or copolymers 
zation of 1,3-butadiene and styrene with an organic alkali metal initiator, or a rubber blend of not less 
than 30 parts by weight of the above polymer and not more than 70 parts by weight of another diene 
series rubber. 
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PNEUMATIC TIRES 



This invention relates to pneumatic tires, and more particularly to a pneumatic tire simultaneously satisfying 
good wet-skid resistance, rolling resistance and wear resistance. 

Recently, the study for reducing the rolling resistance of the tire becomes Important for saving the fuel con- 

5 sumption In automobiles in accordance with social demand on energy-saving and resource-saving. In general, 
it Is known that as the rolling resistance of the tire is reduced, the fuel consumption in the automobile is mitigated 
to provide a so-called low fuel consumption tire. In order to reduce the rolling resistance of the tire, it is general 
to use a materia] having a small hysteresis loss as a tread rubber for the tire. On the other hand, it is strongly 
desired to use a rubber material having a large friction resistance (wet-skid resistance) on wet road surface 

10 from a viewpoint of the demand for the running stability. However, the low rolling resistance and the high friction 
resistance on wet road surface are conflicting with each other, so that it is very difficult to simultaneously satisfy 
these properties. 

Lately, the viscoeiastic properties in the rubber composition are theoretically related to the wet-skid resi- 
stance and roiling resistance of the tire. That is, it is indicated to effectively reduce the fuel consumption by 

15 decreasing the hysteresis loss of the tread rubber for reducing the rolling resistance during the running of the 
tire, i.e. by viscoelastically decreasing the loss factor (tan 8) at a temperature of 50-70°C used in the running 
of the tire. On the other hand, it is known that the wet-skid resistance is well interrelated to the loss factor (tan 
5) at about 0°C at a frequency of 10-20 Hz. Therefore, It is required to make the loss factor at about 0°C large 
in order to improve the gripping performance of the tire. 

20 As a method of decreasing the hysteresis loss, it is general to use a material having a low glass transition 
temperature such as high-cis polybutadiene rubber and the like, or a material having a high rebound resilience 
such as natural rubber and the like. However, the use of these rubbers extremely lowers the wet-skid resistance, 
so that it is considerably difficult to simultaneously establish the running stability and the low rolling resistance. 
However, many techniques utilizing anion polymerization have been proposed in order to solve the 

25 aforementioned problems. For example, Japanese Patent laid open No. 55-12133 and No. 56-127650 disclose 
that high vinyl content polybutadiene rubber is effective for solving the problems, and Japanese Patent laid open 
No. 57-55204 and No. 57-73030 disclose that high vinyl content styrene-butadiene copolymer rubber is effec- 
tive for solving the problems. Furthermore, Japanese Patent laid open No. 59-11 7514, No. 61-103902, No. 61- 
14214 and No. 61-141741 disclose that the heat generation is reduced by using a modified polymer obtained 

30 by Introducing a functional group such as benzophenone, isocyanate or the like into a molecular chain of the 
polymer. Even in these techniques, the low value recently required for the rolling resistance is not yet sufficient 
It is, therefore, an object of the invention to overcome the aforementioned problems of the conventional 
techniques and to provide a pneumatic tire simultaneously satisfying good wet-skid resistance, rolling resist- 
ance and wear resistance. 

35 The inventors have made various studies in order to solve the above problems and found that the above 
properties of the tire are considerably improved by using as a tread a rubber composition obtained by com- 
pounding silica and a silane coupling agent with polybutadiene or styrene-butadiene copolymer rubber having 
a particular glass transition temperature (T g) through polymerization with an organic alkali metal initiator, pref- 
erably polybutadiene or styrene-butadiene copolymer modified with a silane compound, and as a result the 

40 invention has been accomplished. 

According to the invention, there is the provision of a pneumatic tire comprising a tread made from a rubber 
composition comprising 10-150 parts by weight of a silica filler, 0-150 parts by weight of carbon black and 0.2-10 
parts by weight of at least one silane coupling agent represented by the following general formula: 

Y*-SI-C n H 2n A (I) 

45 [wherein Y is an alkyl group or alkoxyl group having a carbon number of 1-4 or a chlorine atom, provided that 
three Ys are the same or different, n is an Integer of 1-6, and A is -S ra C„H2„Si-Y3 group, -X group or SmZ group 
(in which X is a nitroso group, a mercapto group, an amino group, an epoxy group, a vinyl group, an imido group 
or a chlorine atom, Z is 

-co. 
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CH 3 



or 



-C-C=CH 2 
it 
O 



group, each of m and n is an integer of 1-6 and Y is the same as mentioned above)], based on 100 parts by 
weight of a polymer rubber having a glass transition temperature of not lower than -50°C through polymerization 
of 1 ,3-butadiene or copolymertzation of 1,3-butadiene and styrene with an organic alkali metal initiator, or a 

io rubber blend of not less than 30 parts by weight of the above polymer and not more than 70 parts by weight of 
the other diene series rubber. 

In a preferable embodiment of the invention, the polymer is a sDane-modffied polymer having a glass tran- 
sition temperature of not lower than -50°C and obtained by reacting an active terminal of a resulting living 
polymer through polymerization of 1,3-butadiene or copolymerization of 1,3-butadiene and styrene with an 

15 organic alkali metal initiator with a silane compound represented by the following general formula: 

U,Si(ORfcRVn (ID 

(wherein U is a halogen atom selected from chlorine, bromine and iodine, each of R and R' is an alkyl group, 
an aryl group, a vinyl group or a halogenated alkyl group each having a carbon number of 1-20, j is an integer 
of 1-4, i is an integer of 0-2 and a sum of I and j is 2-4). 

20 The polymer used in the invention can be produced by the well-known method using the organic alkali metal 
Initiator. The production of such a polymer is usually carried out in an inert organic solvent As the inert organic 
solvent, use may be made of pentane, hexane, cyclohexane, heptane, benzene, xylene, toluene, tetrahydrofu- 
ran, diethyl ether and the like. 

At first, the polymerization of 1,3-butadiene or copolymerization of 1,3-butadiene and styrene is carried out 

25 in the presence of an organic alkali metal initiator. As the organic alkali metal initiator, mention may be made 
of alkyilithiums such as n-butyllithium, seo-butyilithium, t-butyl lithium, 1,4-dilithium butane, reaction product of 
butylltthium and divinylbenzene and the Ifce; alkyiene dilithium, phenyl lithium, stilbene dilithium, diisopropenyi- 
benzen dilithium, sodium naphthalene, lithium naphthalene and so on. In case of the copolymerization, a Lewis 
base may be used as a randomizing agent and a regulating agent for microstaicture of butadiene unit in the 

so copolymer, if necessary. As the Lewis base, mention may be made of ethers and tertiary amines such as 
dimethoxybenzene, tetrahydrofuran, dimethoxy ethane, diethyiene glycol dibutyi ether, diethylene glycol 
dimethyl ether, triethyiamine, pyridine, N-methyl morpholine, N.N.N', N-tetramethyi ethylenediamine, 1,2- 
dipiperidinoethane and the like. 

Moreover, the content of bound styrene in the copolymer can be controlled by varying the amount of styrene 

35 monomer In the monomer mixture, whfle the introduction of styrene single chain in the copolymer, i.e. arrange- 
ment of styrene chain without sequence of styrene chain unit can be controlled by the use of an organic potas- 
sium compound such as potassium dodecylbenzene sulfonate or the like. In addition, the content of 1,2-bond 
in butadiene unit of the copolymer molecule can be controlled by varying the polymerization temperature. 
Furthermore, the living polymer may be produced by charging the monomers, le. 1,3-butadiene or 1,3-bu- 

40 tadtene and styrene, the inert organic solvent, the organic alkali metal initiator and, if necessary, the Lewis base 
into a reaction vessel purged with nitrogen gas at once, discontinuously or continuously. 

The polymerization temperature is usually -120°C to +150°C, preferably -80°C to +120°C, and the polym- 
erization time is usually 5 minutes to 24 hours, preferably 10 minutes to 10 hours. 

The polymerization temperature may be held at a constant value within the above range or may be raised 

45 or be adiabatic. And also, the polymerization reaction may be carried out by batch system or continuous system. 
Moreover, the concentration of the monomer in the solvent is usually 5-50% by weight, preferably 10-35% 
by weight 

In the formation of the living polymer, it is necessary to prevent the incorporation of a compound exhibiting 
a deactivation function such as halogen compound, oxygen, water, carbon dioxide gas or the like into the polym- 
so erization system as far as possible in order to avoid the deactivation of the organic alkali metal initiator and the 
resulting living polymer. 

The silane-modified polymer used in the invention is a modified rubbery polymer having Sl-O-R bond (R 
is the same as mentioned above) obtained by reacting the aforementioned silane compound with an active ter- 
minal of the resulting living polymer. 
55 The silane compound to be reacted with the living polymer is a silane compound having at least one alkoxy 
group in one molecule and is represented by the general formula (II): 

UMaqp+H (») 

(wherein U, R, R\ i and j are the same as mentioned above). 



3 



EP0447 066A1 



As the silan compound, there ar preferable compounds in which OR group is non-hydrolytic, L . OR is 
a non-hydrolytic alkoxy group, aryloxy group or cycloalkoxy group having a carbon number of 4-20. Preferably, 
R in the OR group is a hydrocarbon residue in which three carbon atoms are bonded to carbon In a-position, 
a hydrocarbon residue in which a hydrocarbon group having a carbon number of not less than 1 is bonded to 
carbon in 0-posftion, or an aromatic hydrocarbon residue such as phenyl group or toiuyl group. 

The term "non-hydrolysis" used herein means that when 60 g of a rubber sheet shaped through hot rolls 
of 120°C at a roll gap of 0.5 mm is placed in a stainless steel vessel of 10 capacity together with 3 of warm 
water and left to stand while boiling the warm water by blowing steam and then dried, the rise of Mooney vis- 
cosity (ML1+4, 100°C) of the polymer is substantially not more than 10 point, preferably not more than 5 point 
as compared with the non-treated polymer. 

In R' of the formula (II), the alkyi group includes methyl group, ethyl group, n-propyl group, t-butyi group 
and the like, and the aryl group includes phenyl group, toluyt group, naphthyl group and the like, and the haloge- 
nated alkyi group includes chloromethyl group, bromomethyl group, iodomethyl group, chloroethyl group and 
the like. 

For example, a compound of the formula (II) in which i is 0 and j is 2 is dialkyldiafkoxy silane, and a com- 
pound in which i is 0 and j is 3 is monoaikyttrialkoxy silane, and a compound in which I is 0 and J Is 4 Is tetraalkoxy 
silane, and a compound in which i is 1 and j is 1 is monohatogenated dialkylmonoalkoxy silane, and a compound 
in which I is 1 and j is 2 is monohalogenated monoalkyldialkoxy silane, a compound in which i is 1 and j is 3 is 
monohalogenated trialkoxy silane, and a compound in which i is 2 and J is 1 is dihalogenated monoalkylmonoal- 
koxy silane, and a compound in which i is 2 and j is 2 dihalogenated dialkoxy silane. All of these compounds 
have a reactivity with the active terminal of the living polymer. 

Particularly, monoalkyttriaryloxy silane of i=0 and j*3 and tetraaryioxy silane of i=0 and j=4 are preferable 
because polymers having an improved processability and a high compatibility with silica are obtained by cou- 
pling the living polymer with such a compound. 

Among the silane compounds of the formula (II) used in the Invention, the alkoxy type compound containing 
no halogen includes tetrakis(2-ethylhexyloxy) silane, tetraphenoxy silane, methyltris(2-ethythexyioxy) sRane, 
ethyltris(2-ethythexyloxy) silane, ethyltrisphenoxy silane, vinyitris(2-ethyihexytoxy) silane, ethyltrlphenoxy 
silane, vinyltris(2-ethylhexyioxy) silane, vinyftriphenoxy sHane, methytvintf bis(2-ethyihexyloxy) silane, ethyl- 
vinylbiphenoxy sHane, monomethyltriphenoxy silane, dimethyidiphenoxy silane, monoethyltriphenoxy sSane, 
diethyldiphenoxy silane, phenyltriphenoxy silane, diphenyidiphenoxy silane and the like. The aryl type com- 
pound containing no halogen includes tetraphenoxy silane, ethyitriphenoxy sHane, vinyftriphenoxy aBane, 
dimethyidiphenoxy silane, monoethyltriphenoxy silane, diethyldiphenoxy silane, phenyltriphenoxy sflane, 
diphenyidiphenoxy sflane and the like. The compound containing a halogen and having a non-hydrolytic OR 
group with a carbon number of 4 includes tri-t-butoxymonochloro silane, dtahloro-di-t-butoxy silane, dk-butoxy- 
diiodo silane, and the like, and the compound containing a halogen and having a non-hydrolytic OR group with 
a carbon number of 5 includes triphenoxymonochloro silane, monochloromethyldiphenoxy silane, mono- 
chloromethylbis(2-ethy1hexyloxy) silane, monobromoethyldiphenoxy silane, monobromovfnyidiphenoxy silane, 
monobromoisopropenylbis(2-ethylhexyloxy) sflane, ditolyioxydichloro silane, diphenoxydikxJo silane, methyl- 
tris(2-methyibutoxy) silane, vinyltris(2-methylbutoxy) silane, monochloromethylbis(2-methylbutoxy) siane, 
vinyttris(3-methylbutoxy) silane, tetrakis(2-ethylhexytoxy) silane, tetraphenoxy sflane, methyltris(2-ethyihexy- 
loxy) silane, ethyltris(2-ethylhexylQxy) silane, ethyitriphenoxy silane, vlnyltris(2-ethylhexyloxy) silane, vinyl- 
triophenoxy sflane, methytviny!bis(2-ethyihexyloxy) silane, ethylvinyldlpehnoxy sflane and the like. The 
halogen-containing aryloxy type compound includes triphenoxymonochloro silane, mono- 
chloromethyldiphenoxy silane, monobromoethyldiphenoxy silane, monobromovinyfdiphenoxy silane, ditolyi- 
dichloro silane, diphenoxydiiodo silane and the like. 

Among these sHane compounds, silane compounds in which i is 0 or 1, particularly tetraphenoxy silane 
and monomethyltriphenoxy silane are preferable. These silane compounds nay be used alone or In admixture. 

The silane-modified polymer according to the invention is obtained by reacting the active terminal of the 
above living polymer with the silane compound of the formula (II). In this case, the amount of the silane com- 
pound used is not less than 0.7 molecule per one active terminal of the living polymer, preferably 0.7-5.0, more 
particularly 0.7-2.0. When the amount of the silane compound used is less than 0.7 molecule, the production 
of branched polymer becomes larger and the change of the molecular weight distribution is large and hence 
1h control of the molecular weight and the molecular weight distribution Is difficult, whDe when it exceeds 5.0 
molecule, the effect of improving the wear resistanc and fracture properties Is saturated and It becomes 
unfavorable in view of economical reasons. 

In the production of th sflane-modified polymer, there may be ad pted two-stage addition that a small 
amount of the silane compound is first added to the active terminal of the living polymer to from a polymer having 
a branched structure and then another silane compound is added to th remaining active terminal. 
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Th reaction betw en the activ terminal of the living polym r and the functional group of the sflane com- 
pound Is carried out by adding the silane compound to th solution in the living polym r system, or by adding 
the solution of th living polymer to an organic solvent solution containing th silane comp und. 

Th reaction temperature Is -120°C to +150°C, preferably -80°C to +120°C, and the reaction time is 1 
5 minute to 5 hours, preferably 5 minutes to 2 hours. 

After the completion of the reaction, the siiane-modlfied polymer can be obtained by blowing steam into 
the polymer solution to remove the solvent or adding a poor solvent such as methanol or the like to solidify the 
resulting sllane-modified polymer and then drying through hot rolls or under a reduced pressure. Alternatively, 
the solvent may directly be removed from the polymer solution under a reduced pressure to obtain a sflane- 
10 modified polymer. 

Although the molecular weight of the silane-modified polymer can be varied over a wide range, the Mooney 
viscosity (ML1+4, 1 00°C) is preferable to be within a range of 10-150. When the Mooney viscosity is less than 
10, the wear resistance is poor, while when it exceeds 150, the processability is poor. 

Moreover, the structure of the silane-modified polymer used in the invention can be confirmed, for example, 
is by an infrared absorption spectrum that Si-O-C bond is assigned to about 1 100cm- 1 , Si-O-0 bond is assigned 
to about 1250crrr 1 and Sl-C bond is assigned to about 11 60cm- 1 . 

The polymer or silane-modified polymer used in the invention is necessary to have a glass transition tem- 
perature (Tg) of not lower than -50°C, preferably not lower than -40°C. When Tg is lower than -50°C, the wet- 
skid resistance is poor. 

20 In the styrene-butadiene copolymer according to the invention, the content of bound styrene is preferable 
to be 15-50% by weight Furthermore, it Is favorable that the styrene single chain in the arrangement of bound 
styrene units is less than 40% by weight of total bound styrene and the styrene long chain consisting 8 or more 
styrene units is not more than 10% by weight of the total bound styrene. The styrene chain distribution according 
to the invention is determined by decomposing the polymer sample through ozone and analyzing through gel 

25 permeation chromatography (Tanaka et al., Kabunshl Gakkai Yokoshu, 29, (9), page 2055). 

According to the invention, the polymer or the silane-modified polymer can be used alone as a rubber ingre- 
dient If necessary, it may be used as a rubber blend with not more than 70 parts by weight, preferably not more 
than 50 parts by weight of at least one other diene series rubber such as natural rubber, cis-1 ,4-pdyisoprene, 
emulsion-polymerized styrene-butadiene copolymer, solution-polymerized styrene-butadiene copolymer, low 

30 cis-1 ,4-polybutadiene, high cis-1 ,4-polybutadiene, ethylene-propylene-diene terpolymer. chloroprene, haloge- 
nated butyl rubber and butadiene-acrytonitrile copolymer rubber based on 100 parts by weight of total rubber 
ingredient When the silane-modified polymer is used as a rubber blend, the amount of the silane-modified 
polymer used Is preferable to be not less than 10% by weight, preferably not less than 20% by weight per the 
total rubber ingredient When the amount is less than 10% by weight, the improving effect against silica is not 

35 recognized. 

In the rubber composition according to the invention, the amount of the silica filler to be compounded is 
10-150 parts by weight preferably 15-100 parts by weight based on 100 parts by weight of total rubber ingre- 
dient When the amount is less than 10 parts by weight the reinforcing effect is small and the wear resistance 
is poor, whfle when it exceeds 150 parts by weight, the processability and the fracture properties are poor. 

40 Moreover, 0-100 parts by weight of carbon black may be used together with the silica filler as a filler, whereby 
the processability, wear resistance and cut resistance can further be improved as compared with the use of 
the silica filler alone. In this case, the weight ratio of carbon black to silica filler is within a range of 95/5-10/90 
from a viewpoint of the balance of wet-skid resistance, rolling resistance and wear resistance. 

As the slane coupling agent used in the invention and represented by the formula (I), mention may be made 

45 of bis(3-triethoxysilyfpropyl) tetrasulfide, bis(2-triethoxysiryiethyl) tetrasulfide, bis(3-trimethoxysilyipropyl) tet- 
rasulfide, bis(2-trimethoxysilylethyi) tetrasulfide, 3-mercaptopropyi trimethoxysilane, 3-mercaptopropyl 
triethoxysilane, 2-mercaptoethyl trimethoxysilane, 2-mercaptoethyi triethoxysilane, 3-nitropropyi trimethoxysi- 
lane, 3-nitropropyltrlethoxysilane, 3-chloropropyltrimethoxysDane, 3-chioropropyl triethoxysilane, 2-chioroethyl 
trimethoxysilane, 2-chloroethyl triethoxysilane, 3-trimethoxys9ylpropyt-N,N-dimemylmiocareamoyl tetrasul- 

so fide, 3-triemoxys9ylpropyl-N,N-dimethylmiocareamoyl tetrasulfide, 2-triethoxysilylN l rWimemyimiocarbarnoyl 
tetrasulfide, 3-trimethoxysiiyl propyl benzothiazote tetrasulfide, 3-triethoxysiiylpropyt benzothiazole tetrasulfide, 
3-triethoxysilylpropyl methacrytate monosulfide, 3-trimethoxysilyi propyl methacrylate monosulfide and the 19(0. 
Among them, bis(3-triethoxysilylpropyl) tetrasulfide, 3-trimethoxysilylpropyl benzothlazol tetrasulfid and the 
like are preferable. As th compound of the formula (I) in which three Ys are different mention may be made 

55 of bis(3-diethoxymethylsilylpropyl) tetrasulfide, 3-mercaptopropyl dlmethoxymethylsilan , 3-nitropropyl 
dlrnethoxymethylsilan , 3-chloropropyl dimethoxymethylsilane, dimethoxymethylsUylpropyl-N,N-dimethyl- 
thlocarbamoyl tetrasulfide, dimethoxymethylsilylpropyl benzothlazol tetrasulfide and the like. 

The amount fth silane coupling agent added is varied in accordance with the amount f silica filler added, 

5 
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but is is 0.2-1 0 parts by weight, preferably 0.5-5 parts by weight When the amount of the siiane coupling agent 
is less than 0.2 part by w ight, th coupling effect is very small and the effect of improving the roiling resistance 
and wear resistance is not observed, while when it exceeds 10 parts by weight, the reinforcing effect lowers 
and the wear resistance and cut resistance are degraded. 
5 Moreover, the rubber composition according to the invention may be further compounded with a powdery 

filler such as magnesium carbonate, calcium carbonate, clay or the like, a fibrous flier such as glass fiber, whis- 
ker or the like, zinc white, an antioxidant, a vulcanization accelerator, a vulcanizing agent and so on, if neces- 
sary. 

The following examples are given in illustration of the invention and are not intended as limitations thereof. 
10 In these examples, the measurements were made by the following methods, respectively. 

The Mooney viscosity was measured at a temperature of 100°C after the preheating for 1 minute and the 
heating for 4 minutes. 

The microstructure in butadiene portion was measured by an infrared absorption spectrometry (Molero's 
method). 

15 The content of bound styrene was measured by using a calibration curve of phenyl group of 699cnr 1 pre- 
viously determined through an infrared absorption spectrometry. 

The properties of vulcanizate were measured according to a method of J IS K6301. 
A Lam bourn abrasion index was measured by a Lamboum abrasion testing method. The measuring con- 
ditions were a load of 4.5 kg, a surface speed of grindstone of 100 m/sec, a speed of sample of 130 m/sec, a 
20 slipping rate of 305, a falling rate of stone of 20 g/min and room temperature. 

The internal loss (tan 6) was measured by means of a mechanical spectrometer made by Rheometrix Inc. 
at various temperatures under dynamic shearing strain having an amplitude of 1 .0% and a frequency of 1 5 Hz. 

The rolling resistance index was measured by rotating the tire on a drum of 1 .7 m In outer diameter to raise 
the rotating speed up to a given value, stopping the rotation to move the drum by inertia force and evaluated 
25 according to the following equation from a calculated value based on inertia moment (the larger the value, the 
smaller the rolling resistance). 

inertia moment of control tire/inertia moment of test tire x 1 00 

The skid resistance on wet road surface (wet-skidresistance) was evaluated according to the following 
equation from a running distance after the the vehicle was subjected to a rapid braking at a speed of 80 km/hr 
30 on a wet concrete road surface having a water depth of 3 mm (the larger the value, the better the wet-skid resi- 
stance). 

running distance of control tire/running distance of test tire x 100 

The wear resistance index was evaluated according to the following equation from average value when 
the remaining groove depth was measured at 1 0 positions after the tire was actually run over a distance of 40000 
35 km (the larger the value, the better the wear resistance). 

remaining groove depth of test tire/remaining groove depth of control tire x 100 
The steering stabOity was evaluated according to a method of ASTM F516-77. 
The production of the copolymer to be used in the tread of the test tire will be described below. 

40 Production Example 1 

Into a reaction vessel of 50 £ capacity were charged 25 kg of cydohexane, 1.4 kg of styrene, 4.5 kg of 
1,3-butadiene. 2.6 g of n-butylltthium, 0.5 g of sodium dodecyi benzene sulfonate and 1.8 g of ethylene glycol 
dimethyl ether, which was polymerized in a nitrogen atmosphere at a polymerization temperature of 45°C for 
49 1 .5 hours. After the remaining initiator was removed, the resulting polymer was dried to obtain a styrene-buta- 
diene copolymer (copolymer No. 4 in Table 1). 

Various copolymers shown in Table 1 were obtained by varying the charging ratio of styrene, the polym- 
erization temperature, the amount of sodium dodecybenzene sulfonate and the like. 

In Table 1 are shown the structural characteristics, glass transition temperature and Mooney viscosity of 
so the resulting copolymers. 

Examples 1-10, Comparative Examples 1-6 

In Table 2 are shown silan coupling agents used In these examples. 

55 
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Table 1 
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C ntent of bound styrene (wt%) 


5 


25 


10 


25 


40 


40 


41 


55 


Content of 1,2 -bond (vt%) 


65 


15 


72 


50 


22 


21 


23 


20 


Styrene single chain of styrene 
unit (vt%) 


85 


37 


77 


68 


49 


33 


36 


34 


Styrene long chain £ 8 or more 
styrene units (wtft) 


0 


2 


1 


1 


6 


2 


15 


5 


Glass transition temperature (°C) 


-58 


-59 


-48 


-38 


-35 


-39 


-36 


-14 


MLi+4 (100 # C) 


48 


51 


50 


51 


49 


50 


51 


48 
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Table 2 
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25 





Compound name 


Structural formula 


Silane 

coupling 

agent-1 


bis(3- 

triethoxysilyl- 
propyl) tetrasulfide 


[(C2H 5 0)3SiC3H 6 ]2S4 


Silane 

coupling 

agent-2 


t r ime thoxy s i ly 1- 
propyl- 
benzothiazole 
tetrasulfide 


( CH 3 0 ) 3 -SiC3H 6 S 4 — g- Jl v ^J 



30 Rubber compositions were prepared by using the copolymer of Table 1 and the silane coupling agent of 
Table 2 according to a compounding recipe shown in Table 3 (parts by weight). In Table 3, the amount of each 
of the copolymers used was 1 00 parts by weight. In these rubber compositions, compounding chemicals other 
than copolymer, filler and silane coupling agent were the same In Examples 1*10 and Comparative Examples 
1-6 and were shown by "note" in Table 3. With respect to these rubber compositions, the fracture strength (Tb), 

35 Lambourn abrasion index and tan 6 were measured to obtain results as shown in Table 3. Then, each of these 
ru bber compositions was used to form a tread of a tire having a tire size of 1 65 SR 1 3, and thereafter the wet-skid 
resistance, rolling resistance and wear resistance were measured to obtain results as shown in Table 3. 
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As seen from Table 3, the pneumatic tires according to th invention are excellent In all of the wet-skid 
resistance, rolling resistance and wear resistance. 

Examples 11-14, Comparative Examples 7-9 

Rubber compositions were prepared according to a compounding recipe shown in Table 4. Then, the same 
tests as in Example 1 were made with respect to these rubber compositions as well as pneumatic tires made 
therefrom to obtain results as shown in Table 4. 
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Production Example 2 

An autoclave of 5 f capacity provided with a stirrer and a jacket was dried and purged with nitrogen. Into 
this autoclav were charged 2500 g of cyclohexane, 1 00 g of styrene, 400 g of 1,3-butadiene and 26 g of tet- 
5 rahydrofuran. After the temperature inside the autoclave was rendered into 10°C, the flow of cooling water was 
stopped and 0*300 g of n-butyilrthium was added with stirring at 2 rpm to conduct polymerization for 30 minutes. 
A part of the resulting polymer solution was taken out and then the Mooney viscosity thereof was measured to 
be not more than 14. 

Thereafter, the remaining polymer solution was added with 9.38 m of a solution of monomethyltrlphenoxy 
10 silane in cyclohexane (concentration: 0.50 mol/f , mol ratio of monomethyltriphenoxy silane to n-butyilith ium of 
1.0), whereby the yellowish red of the living anion was disappeared and the viscosity of the solution was raised. 
The reaction was further continued at 50°C for 30 minutes. 

Then, 0.7 g of 2,6-di-t-buty! phenol (BHT) was added to 1 00 g of the resulting polymer, which was subjected 
to steaming to remove the solvent and dried through hot rolls of 100°C. The yield of the polymer (copolymer 
is No. 9) was substantially quantitative. 

The copolymer Nos. 10-14 were prepared by the same method as described above except that various 
modifying agents shown in Table 5 were used instead of monomethyltrlphenoxy siiane. The copolymer No. 15 
was prepared by the same method as in the copolymer No. 9 except that the modifying agent was not used. 
In Table 5 are shown the content of bound styrene, vinyl content in butadiene portion, glass transition tenv 
20 perature and Mooney viscosity of the resulting copolymers. 
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Examples 16-24, Comparative Examples 10-16 

In th se examples were used the same silane coupling agents as shown in Table 2. 

Rubber compositions were prepared by using the copolymer of Tab! 5 and th silane coupling agent 
according to a compounding recipe shown in Table 6 (parts by weight). In these rubber compositions, com- 
pounding chemicals other than copolymer, filler and silane coupling agent were the same in Examples 1624 
and Comparative Examples 10-16 and were shown by "note" in Table 6. With respect to these rubber compo- 
sitions, the fracture strength (Tb), Lambourn abrasion index and tan 6 were measured to obtain results as shown 
in Table 6. Then, each of these rubber compositions was used to form a tread of a tire having a tire size of 1 65 
SR 1 3, and thereafter the wet-skid resistance, rolling resistance and wear resistance were measured to obtain 
results as shown in Table 6. 
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As mentioned above, in the pneumatic tires according to the inv ntfon, the rubber composition comprising 
polybutadiene or butadiene-styrene copolymer or silane-modified polymer having a glass transition tempera- 
ture of not tower than -50°C, sDIca filler and silane coupling agent within particular compounding ratio range is 
used as a tread rubber, so that the wet-skid resistance, rolling resistance and wear resistance are simul- 
s taneously satisfied. 



Claims 

10 1. A pneumatic tire having a tread made from a rubber composition comprising 10-150 parts by weight of a 
silica filler, 0-150 parts by weight of carbon black and 0.2-10 parts by weight of at least one silane coupling 
agent represented by the following genera! formula: 

YrSi-CH^ (I) 

wherein Y is an alkyi group or aikoxyl group having a carbon number of 1*4 or a chlorine atom, provided 
is that three Ys are the same or different, n is an integer of 1-6, and A is -S m C n H2nSi-Y 9 group, -X group or 
SmZ group (in which X is a nitroso group, a mercapto group, an amino group, an epoxy group, a vinyl group, 
an imido group or a chlorine atom, Z is 

_^ N "ir^i - c -n /CH3 

S 

or -C-OCHa group, each 
O 

30 of m and n is an integer of 1-6 and Y is the same as mentioned above), based on 100 parts by weight of 
a polymer rubber having a glass transition temperature of not lower than -50°C through polymerization of 
1,3-butadiene or copolymerization of 1,3-butadiene and styrene with an organic alkali metal initiator, or a 
rubber blend of not less than 30 parts by weight of the said polymer and not more than 70 parts by weight 
of another diene series rubber. 

35 

2. A tire as claimed In claim 1 , wherein said polymer or copolymer is a silane-mod ified polymer having a glass 
transition temperature of not lower than -50°C and obtained by reacting an active terminal of a resulting 
living polymer through polymerization of 1,3-butadiene or copolymerization of 1,3-butadiene and styrene 
with an organic alkali metal initiator with a silane compound represented by the following general formula: 
40 U.SKORJjRVh (II) 

wherein U is a halogen atom selected from chlorine, bromine and iodine, each of R and R' is an alkyi group, 
an aryi group, a vinyl group or a halogenated alkyi group each having a carbon number of 1-20, j is an 
integer of 1-4, i is an integer of 0-2 and a sum of i and j is 2-4. 

45 3. A tire as claimed in claim 1 or 2, wherein said copolymer has a content of bound styrene of 15-50% by 
weight 

4. A tire as claimed in any of claims 1 to 3, wherein said copolymer has a structure that styrene single chain 
of styrene unit in the molecule of the polymer is less than 40% by weight of total bound styrene content 

50 and styrene long chain of 8 or more styrene units is not less than 10% by weight of total bound styrene 
content 

5. A tire as claimed in any of claims 1 to 4, wherein said rubber composition contains 15-1 00 parts by weight 
of said silica fill r and 0.5-5 parts by weight of said silane coupling agent 

65 

6. A tire as claimed in claim 2, wherein said silane compound is selected from the group consisting of tet- 
rakls(2-ethyihexyloxy) silane, tetraphenoxy silane, methyitris(2-ethyihexytoxy) silane, ethyltris(2-ethyl- 
hexyioxy) silane, ethyltrisphenoxy silane, vinyitris(2-ethy!hexyloxy) silane, ethyltriphenoxy sOane, 
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vinyltris(2-ethyihexytoxy) silane, vinyltriphenoxy sllane, methyl vlnylbis(2-ethyihexyl xy) silane, ethyl- 
vlnyibiphenoxy silane, mon methyltriphen xy silane, dlmethyidlph noxy silane, monoethyitriphenoxy 
sllane, diethyldiphenoxy silane, phenyftriphenoxy silane, diphenyldlphenoxy silane, tetraphenoxy sflane, 
ethyitriphenoxy silane, vinyttriphenoxy silane, dimathyidiphenoxy silane, monoethyitriphenoxy silane, 
diethyldiphenoxy silane, phenyltriphenoxy silane, diphenyldlphenoxy sflane, tri-t-butoxymonochloro silane, 
dichioro-di-t-butoxy sflane, di-t-butoxy-dilodo silane, triphenoxymonochloro silane, mono- 
chloromethyldiphenoxy silane, monochloromethylbis(2-ethylhexyloxy) silane, monobromoethyldiphenoxy 
silane, monobromovinyidiphenoxy silane, monobromoisopropenylbis(2-ethylhexyloxy) silane, 
drtolyioxydichloro silane, diphenoxydiiodo silane, methyttris(2-methyibutoxy) silane, viny(tris(2-methyi- 
butoxy) silane, monochloromethylbis(2-methyfbutoxy) silane, vinyltris(3-methyibutoxy) silane, tetrakis(2- 
ethylhexyloxy) silane, tetraphenoxy sflane, methyitris(2-ethyfhexyloxy) silane. ethyttris(2-ethylhexyloxy) 
silane, ethyitriphenoxy silane, vinyltris(2-ethylhexyioxy) silane, vlnyttriophenoxy silane, methylvinyibis(2- 
ethylhexyloxy) silane, ethytvinyfdipehnoxy silane, triphenoxymonochloro silane, mono- 
chloromethyldiphenoxy silane, monobromoethyldiphenoxy silane, monobromovinyidiphenoxy silane, 
ditolyldichloro silane and diphenoxydiiodo silane. 
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